INTRODUCTION {#s1}
============

Bisphosphonates (BPs) are often used as first-line treatment for osteoporosis. These agents are known to inhibit bone resorption and prevent fractures of the vertebral bodies and the proximal femur in postmenopausal women.^[@r1],[@r2],[@r3],[@r4])^ However, there have been increasing numbers of reports of atypical femoral fracture (AFF) in patients taking oral bone resorption inhibitors such as BPs. Although AFF can occur in patients who have never been treated with BPs, prolonged use of these agents is known to increase the risk of AFF; moreover, discontinuation of BPs reduces the risk of AFF.^[@r5])^ Histological examination of patients with AFF has shown that long-term administration of bone resorption inhibitors induces a low bone-turnover state.^[@r6])^ AFF often occurs as a result of minor trauma in patients with such a bone state. AFF has characteristic imaging findings, presenting as a simple transverse fracture (which is rare in traumatic femoral fractures) associated with a unicortical beak and cortical hypertrophy.^[@r7])^ Additional anatomical risk factors for AFF have been identified, such as excessive bowing deformity of the femur.^[@r8])^ While accurate diagnosis is important for understanding the etiology and/or pathology of AFF, historically, the definition of this fracture was not clear. However, there is currently consensus that the task force report of the American Society for Bone and Mineral Research (ASBMR)^[@r9])^ provides useful diagnostic criteria for AFF. Therefore, it is now possible to accurately evaluate the etiology and clinical outcomes of AFF.

Bone union is often difficult to achieve in patients with AFF because conditions are not favorable for fracture healing. One factor is that long-term bisphosphonate therapy causes low bone turnover and decreases intrinsic bone strength.^[@r6])^ Even if surgical treatment is performed, the nonunion rate is high compared to that for ordinary proximal femoral fractures and femoral shaft fractures.^[@r10])^

Because AFF is uncommon, few multicenter studies on this fracture have been published, especially with regard to treatment outcomes. Moreover, the operative procedures employed to treat AFF show wide variation, which limits the usefulness of multicenter studies for assessing surgical outcomes and postoperative rehabilitation. Furthermore, there have been few reports about AFF in Asian patients based on the ASBMR task force definition. To the best of our knowledge, there is no previous report that describes postoperative rehabilitation and patient activity after surgical treatment for AFF. Consequently, we performed a retrospective investigation of the surgical outcomes and rehabilitation in patients with AFF diagnosed according to the ASBMR task force definition and treated at a single center in Japan.

PATIENTS AND METHODS {#s2}
====================

The medical records of patients with AFF who underwent surgery at our hospital between January 2013 and December 2016 were reviewed. Patients with femoral fracture were identified, excluding those with femoral neck fracture, trochanteric fracture, pathological fracture, and peri-prosthetic fracture. Patients were then selected if their fractures met the ASBMR Task Force 2013 Revised Case Definition of AFF (i.e., the fracture must be located along the femoral diaphysis from just distal to the lesser trochanter to just proximal to the supracondylar flare). Furthermore, four or more of the following five major features were met by each patient: (1) The fracture was associated with minimal or no trauma, such as a fall from standing height or less. (2) The fracture line originated at the lateral cortex and was substantially transverse in orientation, although it could become oblique as it progressed medially across the femur. (3) If the fracture was complete, it extended through both cortices and could be associated with a medial spike; incomplete fractures involved the lateral cortex only. (4) There was minimal or no comminution of the fracture. (5) There was localized periosteal or endosteal thickening of the lateral cortex at the fracture site (i.e., so called "beak" or "flare"). The following minor features were not required for diagnosis, but may be associated with AFF: (1) generalized increase of cortical thickness at the femoral diaphysis, (2) unilateral or bilateral prodromal symptoms such as dull or aching pain in the groin or thigh, (3) bilateral or complete fracture of the femoral diaphysis, and (4) delayed healing of the fracture. The diagnosis of AFF was made by two orthopedic surgeons (YM and HH), who independently performed evaluation of the radiographic findings. AFF was diagnosed when both surgeons considered that the fracture conformed to the ASBMR criteria.

We recognized that AFF, including incomplete fracture, is indicated for surgical treatment and immediately performed surgery. The post-operative rehabilitation program was as follows. The patients were allowed to undertake non-weight-bearing gait from the day after surgery. With reference to radiographical evaluation, 10-kg weight bearing was allowed 2 weeks after surgery. From 4 weeks after surgery, full weight bearing was started. Weight bearing was delayed if the gap between fragments after surgery was comparatively large; alternatively, weight bearing could be brought forward if the patient's condition permitted (e.g., the opposite sides of the femur had radiolucency on the lateral cortex). The following information was obtained from the medical records and imaging files: medications prescribed for the treatment of osteoporosis and the duration of use before AFF, the surgical methods employed to treat AFF, the implant used, postoperative rehabilitation (e.g., the timing of weight bearing), the presence/absence of bone union, the time to achieve bone union, and the activities of daily life at the final follow-up. All patients attended the orthopedic outpatient clinic of our hospital every 1--3 months after surgery and underwent standard postoperative examinations, including imaging studies. Bone union was considered to have been achieved when formation of new bone over the fracture line was confirmed on frontal and lateral plain X-ray films. The evaluation of postoperative imaging findings was also performed independently by two orthopedic surgeons (YM and HH), both of whom judged the timing of bone union (if they disagreed, the later time of union was accepted).

The patient and/or the patient's family were informed that data from the case would be submitted for publication; all gave consent. This study was approved by the ethics committee of our hospital.

RESULTS {#s3}
=======

Between January 2013 and December 2016, 67 patients with 68 femoral fractures underwent surgery at our hospital, excluding those with femoral neck, trochanteric, pathological, and peri-prosthetic fractures. The fracture was subtrochanteric in 38 patients (38 fractures), whereas the fracture affected the femoral shaft in 21 patients (22 fractures) and was supracondylar in 8 patients (8 fractures). Among these 67 patients, AFF was confirmed in 13 (14 AFFs: 14/68, 20.6%). These patients included 1 man (1 AFF) and 12 women (13 AFFs) with a mean age of 77.7±7.1 years (mean±SD) at operation. The demographic features of the patients are shown in [Table 1](#tbl_001){ref-type="table"}. Among the patients with AFF, the fracture was located in the femoral shaft in 12 patients (13 AFFs), whereas it was subtrochanteric in 1 patient (1 AFF).

######  Patient demographic profiles

  --------------------------------------------- -------------------
  Age (years)                                   77.1±7.2
  Sex (male/female)                             1/12 (7.7%/92.3%)
  Medications                                   
   Bisphosphonate                               12 (92.3%)
   Duration of bisphosphonate therapy (years)   7.8±5.4
   Vitamin D analog                             6 (46.2%)
   Glucocorticoid                               1 (7.7%)
   Proton pump inhibitor                        3 (23.1%)
  Collagen disease                              0 (0%)
  Diabetes mellitus                             0 (0%)
  --------------------------------------------- -------------------

Twelve of the 13 patients with AFF had received BP therapy (alendronate, risedronate, or minodronate) for osteoporosis before the fracture occurred. One of these patients had previously developed multiple compression fractures while on oral risedronate and had been switched to teriparatide for 2 years followed by oral minodronate therapy. The duration of BP therapy for osteoporosis prior to AFF was determined as precisely as possible from the medical records and referral letters from other hospitals. It was ≥3 years to \<5 years in four patients, ≥5 years in four patients, and unknown in four patients.

[Table 2](#tbl_002){ref-type="table"} lists the patients with AFF. In case 3, the patient also separately developed a fracture on the opposite side, so descriptions are provided for both fractures. In case 8, AFF was incomplete. There was no fracture line on plain X-ray films, but signal changes were noted on magnetic resonance imaging. Because the patient complained of pain at the site corresponding to these changes, impending AFF was diagnosed and surgery was performed. In all patients, an antegrade intramedullary nail was inserted to treat the AFF. The implants used are described in [Table 2](#tbl_002){ref-type="table"}. There were no iatrogenic fractures during surgery. The post-operative rehabilitation schedule was as described in Patients and Methods. In case 8 (incomplete fracture) and case 13, patients were allowed full weight bearing on the day after surgery because reduction and fixation were recognized as ideal. Partial weight bearing was started after an average of 2 weeks (mean±SD, 13.1±10.3 days; range, 1--28 days), and full weight bearing was permitted after an average of 3 weeks (22.5±15.8 days, 1--48 days). All AFF patients could perform partial weight bearing on the day that it was permitted. Full weight bearing was either undertaken on the day it was permitted or on the following day

######  Characteristics and clinical data of patients with AFFs

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Case   Sex   Age (years)   ASBMR\              Pre-fracture BP   Duration of BP   GCs        PPI   Location   Implants   PWB (days)   FWB (days)   LIPUS   Union (months)   Pre-fracture\   Ambulation\
                             case definition                                                                                                                                  ambulation      (last follow-up)
  ------ ----- ------------- ------------------- ----------------- ---------------- ---------- ----- ---------- ---------- ------------ ------------ ------- ---------------- --------------- ------------------
  1      F     63            All major 1 minor   ALN               Unknown          \-         \-    FS         T2GTN      11           18           \-      4                Independent     Independent

  2      M     70            All major 2 minor   \-                                 \-         \-    FS         T2GTN      12           26           \-      21               Independent     Independent

  3      F     83            All major 3 minor   ALN               8Y               \-         \-    FS         T2GTN      6            21           \-      15               Independent     Single t-cane

  4      F     74            All major 1 minor   RIS               3Y or more       \-         LPZ   FS         TAN        27           48           \-      7                Independent     Independent

  3      F     85            All major 2 minor   ALN               8Y               \-         \-    FS         T2GTN      18           32           \-      3                Independent     Single t-cane

  5      F     77            All major 2 minor   ALN               Unknown          \-         \-    FS         TAN        1            14           \-      13               Independent     Independent

  6      F     76            All major 1 minor   RIS               6Y               PSL 3 mg   OMZ   FS         Gamma3     20           34           \-      7                Independent     Independent

  7      F     73            All major 2 minor   ALN               4Y               \-         \-    FS         T2GTN      12           26           \-      23               Independent     Single t-cane

  8      F     73            All major 3 minor   ALN               3Y or more       \-         \-    FS         T2GTN      1            1            \-      -\*              Independent     Independent

  9      F     89            All major 2 minor   MIN               5Y or more       \-         \-    FS         Gamma3     14           14           \+      9                Single t-cane   Single t-cane

  10     F     83            All major 2 minor   MIN               Unknown          \-         \-    FS         TFNA       28           28           \+      11               Independent     Single t-cane

  11     F     74            All major 1 minor   ALN               4Y               \-         \-    FS         TFNA       28           48           \+      4                Independent     Independent

  12     F     83            All major 1 minor   ALN               17Y              \-         \-    ST         TFNA       4            4            \-      4                Independent     Independent

  13     F     85            4 major 2 minor     RIS               Unknown          \-         EMZ   FS         TFNA       1            1            \+      7                Independent     Single t-cane
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ALN: alendronate, RIS: risedronate, MIN: minodronate, GCs: glucocorticoids, PSL: prednisolone, PPI: proton pump inhibitor, LPZ: lansoprazole, OMZ: omeprazole, EMZ: esomeprazole, FS: femoral shaft, ST: subtrochanteric, PWB: partial weight bearing, FWB: full weight bearing, LIPUS: low-intensity pulsed ultrasound, T2GTN: T2 Greater Trochanter Entry Femoral Nailing System, Stryker, TAN: TRIGEN Trochanteric Antegrade Nail, Smith & Nephew, Gamma3: Gamma 3 Long Nail, Stryker, TFNA: TFN Advanced Proximal Femoral Nailing System, Depuy & Synthes.

\* Case 8 had incomplete fracture.

In the follow-up period, there was no medullary nail breakage, although breakage of an interlocking screw was seen in one patient 3 months postoperatively. Bone union was achieved after only 3 months in some patients, but the time required for union varied widely, and it took 23 months in one patient. The mean time to bone union was 9.9±6.1 months. None of the 13 AFF patients required additional surgery, including revision surgery for nonunion or delayed union. Eight AFF patients received teriparatide after surgery, and low-intensity pulsed ultrasound (LIPUS) was performed on four AFF patients ([Table 3](#tbl_003){ref-type="table"}).

######   Postoperative outcomes

  ------------------------------------------------------ -----------
  Time to partial weight bearing (days)                  14.1±10.3
  Time to full weight bearing (days)                     22.5±15.8
  Mean time to radiological union (months)               9.9+6.1
  Postoperative use of teriparatide (patients)           8 (66.7%)
  Postoperative use of low-intensity pulsed ultrasound   4 (31.0%)
  ------------------------------------------------------ -----------

Before injury, 12 patients could walk independently, and 1 patient walked with a single cane in our series. At the final follow-up (mean: 34.5±15.7 months), eight patients could walk independently and five patients walked with a single cane. Nine patients regained their original walking level, whereas, four patients required a cane after surgery. No patients required a wheelchair or a walker in the present study.

CASE PRESENTATION (CASE 1) {#s4}
==========================

A 63-year-old woman who had been on oral alendronate therapy (prescribed by another clinic) for an unknown duration developed a fracture of the right femoral shaft after a simple fall. There was no history of steroid or proton pump inhibitor use. Radiographs revealed a transverse fracture of the right femur with a medial/posterior spike ([Fig. 1a,b](#fig_001){ref-type="fig"}). Closed reduction and internal fixation with an antegrade femoral nail were performed. Partial weight bearing was started after 11 days, and full weight bearing was permitted and actually started after 18 days and 24 days, respectively. Complete bone union was achieved at 4 months after surgery ([Fig. 1c-f](#fig_001){ref-type="fig"}). At 4.5 years postoperatively, the patient has no restriction of daily activities, including walking.

![ The patient in case 1 was a 63-year-old woman. Antero-posterior (a) and lateral (b) X-rays of the right femur at injury showed a transverse fracture with a medial/posterior spike. Antero-posterior (c) and lateral (d) X-rays of the right femur just after surgery. Antero-posterior (e) and lateral (f) X-rays of the right femur at 4 months after surgery, showing complete bony union.](prm-5-20200007-g001){#fig_001}

DISCUSSION {#s5}
==========

This retrospective study investigated the clinical results and patient activity after surgical treatment for AFF. To the best of our knowledge, this is the first report that reviews in detail the post-operative rehabilitation for AFF. We recognize that a single-center study, rather than a multi-center study, is more appropriate for these analyses.

We evaluated the surgical outcomes of 13 Japanese patients with 14 AFFs treated at a single center. All 14 fractures were treated with an intramedullary nail, and there was no nonunion or requirement for additional/revision surgery. During post-operative rehabilitation, patients were allowed to undergo partial weight-bearing on average 13.1 days postoperatively, and full weight-bearing gait was allowed on average 22.5 days after surgery. Among patients with femoral fracture other than AFF (54 patients with 54 fractures), partial weight bearing was started after an average of 2 weeks (17.1±15.6 days, range 1--70 days), and full weight bearing was permitted after an average of 4 weeks (28.3±22.2 days, range 1--90 days). There was no significant difference in the time to weight bearing between AFF and femoral fracture other than AFF. During the study period, no revision surgery was required in AFF or non-AFF fracture patients in our hospital. These results indicated that, if rigid fixation was required, AFF patients could receive the same rehabilitation program as non-AFF femoral fracture patients. Nine AFF patients regained the same walking ability as before the injury. However, for four AFF patients, gait ability declined from walking without a cane to walking with a cane.

A single-center study of 109 AFFs was performed in Korea.^[@r11])^ Bone union was achieved within 6 months in 76 AFFs (69.7% of the fractures), whereas there was nonunion in six AFFs (two patients underwent revision surgery and four declined further surgery). In the present study, bone union was achieved within 6 months in 3 of 13 AFFs (excluding case 8 with an incomplete fracture), so the rate was slightly lower at 31%. However, none of the patients ultimately had nonunion or required revision surgery. According to a report from Singapore,^[@r12])^ 10 of 30 patients (33%) with AFF treated at a single center required revision surgery, and implant failure occurred in 6 fractures (20%). Prasarn et al.^[@r13])^ treated 25 BP-related fractures and reported intraoperative fracture in 5 (20%) and postoperative implant failure in 3 (12%). Another study reported implant failure in 2 of 12 alendronate-related subtrochanteric fractures.^[@r14])^ However, these articles did not describe the post-operative rehabilitation protocol in detail. In the present series, there were no iatrogenic fractures during surgery, and implant failure (breakage of an interlocking screw) affected only one AFF. Recently, Koh performed a systematic review of AFF by analyzing treatment outcomes for 733 patients (834 fractures) aged from 35 to 93 years with complete or incomplete AFF.^[@r15])^ There were 632 limbs with complete fracture, including 182 limbs with subtrochanteric fracture, 172 limbs with shaft fracture, and 278 limbs with no details of the fracture site. The mean time to bone union was 7.3 months (range, 2--31 months). Intramedullary nailing was considered to be superior to plate fixation, based on its biomechanical and biological advantages. We used intramedullary nails in all our AFF patients, expecting superior fixation compared to plates, and achieved favorable outcomes. Many of our patients had marked femoral bowing; therefore, it is also likely that the selection and use of suitable implants for a curved femur based on preoperative templates improved the outcomes. We believe that rigid fixation for AFF supports early weight-bearing gait after surgery.

A report on 3150 femoral fractures over a 5-year period at a major trauma center in the United Kingdom identified only 10 AFFs (0.32%).^[@r16])^ After excluding fractures of the femoral neck (including periprosthetic and pathological fractures), the 10 AFFs accounted for 1.1% of 872 femoral fractures. Seven of the 10 AFF patients had a history of exposure to BPs. In a study performed over a 6-year period at six centers in Japan,^[@r17])^ 2238 hip and femoral shaft fractures were treated, including 14 AFFs (0.63%). Among 402 limbs with femoral subtrochanteric fractures and femoral shaft fractures, the 14 AFFs accounted for 3.5%. In the present series, the frequency of AFF was relatively high, accounting for 14 of 67 limbs (21%) with subtrochanteric or femoral shaft fractures. This difference could partly be due to the patient mix, because our hospital does not have a full-scale emergency department and accepts a relatively small number of patients with multiple trauma or high-energy trauma. Furthermore, we speculate that this difference might be because the proportion of elderly people is high in our medical catchment area, and many elderly people receive osteoporosis treatment with BPs. However, we recognize that further study is necessary to clarify the reason.

While AFF can occur in patients who have never used BPs, it has been reported that long-term BP therapy increases the risk of this fracture and that discontinuation of these drugs decreases the risk.^[@r5])^ Koh et al. reported that 291 of 733 patients were prescribed BPs before AFF occurred, and the cause of fracture was severe suppression of bone turnover resulting from long-term BP use.^[@r15])^ In the above-mentioned six-center Japanese study,^[@r17])^ nine of ten patients had a history of BP use, with a mean duration of 4.9 years (four patients had used BPs for 3--5 years, and five patients had used them for ≥5 years). A study performed at 11 centers in Japan^[@r18])^ found a history of BP use in 31 of 34 AFF patients (91.2%), with a mean treatment duration of 5.1 years. In the present series, 12 of 13 AFF patients (92.3%) had a history of BP use. However, similar to other reports, 1 of the 13 patients who developed AFF had no history of BP use. Other possible risk factors reported for AFF include lateral bowing of the femur,^[@r8])^ diabetes and glucocorticoids,^[@r18])^ and proton pump inhibitors,^[@r19])^ but none of these factors applied to our patient who had not used BP. Moreover, age, height, and body weight are reportedly associated with the fracture site.^[@r18])^ However, most of our AFF patients (13 of 14, 92.9%) had femoral shaft fracture. Because only one patient had a subtrochanteric fracture and there was no supracondylar fracture in this series, we were not able to evaluate the association between the fracture site and these patient factors.

Recently, lateral bowing of the femur and vitamin D deficiency^[@r20])^ have been found to affect the occurrence of AFF. Naturally, the bowing of the femur affected the choice of the intramedullary nail. Unfortunately, we did not examine the serum vitamin D levels in this series. However, we recognize that neither the bowing of the femur nor vitamin D deficiency influenced the clinical results in this series because the rehabilitation protocol was decided without considering the shape of the femur or vitamin D levels.

Whether prophylactic surgery should be performed for incomplete fractures remains controversial. Saleh et al. performed conservative treatment for 14 symptomatic incomplete AFFs (9 with a radiolucent line and 5 without a radiolucent line).^[@r21])^ They reported that daily administration of teriparatide led to clinical and radiographic bone union in 2 of 9 fractures with a radiolucent line and in all 5 fractures without a radiolucent line. The other 7 fractures with a radiolucent line did not heal and were managed by prophylactic surgery. Ha et al.^[@r22])^ reported that displacement occurred and required surgery in 5 of 14 incomplete AFFs, and another 5 incomplete AFFs were also treated surgically because of intractable pain. The remaining 4 AFFs (with persistent pain) failed to achieve radiographic bone union. They concluded that prophylactic fixation of incomplete AFFs was warranted when such fractures are identified. Banffy et al.^[@r23])^ treated six patients with incomplete AFFs by discontinuation of BP therapy and non-weight bearing. While one incomplete AFF achieved bone union, the remaining five progressed to complete fracture and required surgical treatment. Based on these results, they recommended surgical treatment for incomplete AFF. Egol et al.^[@r24])^ treated 21 of 43 incomplete AFFs with surgery and managed the remaining 22 incomplete AFFs with non-weight bearing. As a result, 81% of the surgically treated AFFs became pain free and all 21 fractures healed. In contrast, 64% of the fractures treated with non-weight bearing became pain free and only 18% achieved bone union after an average of 11 months. They concluded that patients should be counseled regarding the potential benefits of prophylactic surgery for incomplete AFF. In case 8 in the present series, we recognized that, although the patient had incomplete AFF, complete fracture was imminent based on pain at the affected site. As a result, we performed surgery after providing a detailed explanation and obtaining the patient's consent. The patient was able to walk with full weight bearing from the day after surgery and she then went on to walk without cane. She was able to regain the level of activity she had before the injury.

We prescribed LIPUS and/or teriparatide for AFF patients who were recognized as being at high risk of delayed bony union. However, it is still controversial whether LIPUS and teriparatide should be used after internal fixation in AFF patients. Further clinical study is required to clarify the applicability of these treatments.

This study had several limitations. First, it was a single-center study, and statistical analysis could not be performed because the sample size was small. However, although one systematic review has analyzed several hundred articles relating to AFF,^[@r15])^ a previous multicenter study reported 38 AFFs,^[@r18])^ suggesting that 14 AFFs is reasonable for a single center. Second, medical records were incomplete for patients who were referred to our hospital, which meant that we could not determine the exact duration of treatment with BPs and bone resorption inhibitors. Third, while postoperative management (e.g., the timing of weight bearing) was performed according to the same protocol, the use of LIPUS was not uniform in this series. However, the advantages of this single-center observational study included a nearly uniform treatment policy and the ability to perform detailed postoperative follow-up of the patients.

In conclusion, we evaluated the clinical results of surgical treatment and post-operative rehabilitation in 13 Japanese patients with 14 AFFs from a single center. Twelve of the 13 patients had a history of BP use, strongly suggesting an association between AFF and BP therapy, as has been reported previously.^[@r5],[@r25],[@r26])^ All patients underwent surgery using an intramedullary nail. Partial weight bearing was allowed on average 13.1 days postoperatively, and full weight-bearing gait was allowed on average 22.5 days after surgery. We established that, if rigid fixation was required, AFF patients could follow the same rehabilitation schedule as patients with non-AFF femoral fracture. Detailed postoperative follow-up revealed that none of the patients required further surgery for nonunion or other complications. Intramedullary nailing seems to be a reasonable first-line surgical procedure for AFF from the biomechanical perspective.
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